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Synopsis. The titled compounds were synthesized
and their NMR spectra were measured. The chemical
shifts of benzyl hydrodisulfides were not related to ¢ or og,
while those of the corresponding thiols were related to ¢.

In an NMR study of para-substituted phenyl hydro-
disulfides, we have found a novel correlation for the
chemical shifts of the mercapto protons.) The cor-
relation, 7T4p=0.2630;-6.653 (r=0.993),? includes
the chemical shift which is only related to the resonance
term, and includes also a large positive p value. It
has thus been postulated that the substituent effect
in the para-substituted phenyl hydrodisulfides is con-
ducted to the terminal protons anisotropically.

In the present work, the synthesis of para-substituted
benzyl hydrodisulfides through a slightly modified
route has been attempted, and the NMR spectra of
the compounds have also been measured. The chemical
shifts of mercapto and methylene protons of the com-
pounds are interesting, because different correlations
for the two kinds of protons are anticipated ; the chemical
shifts of mercapto protons should be related to og,
and those of methylene, to .

a-Toluenethiols having methoxy, methyl, or chlorine

ClN?

RO)CH,SH

at the para-position (la, 1b, and 1d) were allowed to
react with N-chlorosuccinimide, giving N-(p-substituted
benzylthio)succinimides in 22—359, vyields (2a, 2b,
and 2d).3) By the condensation of the N-aralkyl-
thiosuccinimides with thioacetic acid, acetyl p-sub-
stituted benzyl disulfides (3a, 3b, and 3d) were obtained
in moderate yields. This reaction is an application
of the synthesis of thiolsulfonates from N-(arylthio)-
succinimides and arenesulfinic acids.®) Acetyl di-
sulfides 3e and 3f were prepared by the reactions of
le and 1f with acetylsulfenyl chloride, respectively.®)
Compound 3¢ could be obtained by both methods
mentioned above. The acetyl p-substituted benzyl
disulfides obtained were ethanolyzed in the presence
of hydrogen chloride. Of the resulting hydrodisulfides,
4b, 4d, and 4e were distilled under high vacuum to
give products in 18—549, yields. However, 4a and
4f were unstable on distillation; in the case of 4a,
only 2.5%, of the product was isolated and no product
was obtained for 4f (see experimental). The hydro-
disulfides 4a—f were stable in solvents such as carbon
tetrachloride and chloroform.

The chemical shifts of the benzyl hydrodisulfides
and related compounds are shown in Table 1. The
chemical shifts of mercapto protons of p-substituted o-
toluenethiols fit the thermodynamic relationship, Tgz=
—0.149 6+8.496 (r=0.978). The p value (—0.149)

————
is about a half of that for benzenethiols,® which is
1;:2:8&:40 2)‘33-0 reasonable because it has been demonstrated that the
c.R=H 3 CHCOSH| ¢ insertion of methylene carbon atom into a side chain
d,R=Cl J d (in the present case, R—-C;H,~CH,-SH) diminishes p
CH,COSCt to 1/2-—1/3 of its original value.”? TFor the methylene
R@Cl'bSH —_———> R@CHZSSCOCH;; protons of the o-toluenethiols, z¢m,=—0.103¢46.330
1c,R=H 3 (r=0.929) was obtained. The correlation coefficient
E.R:EEOCO EtOH is not sufficiently large, and p is too small for protons
' HCl of R-C,H,~CH(SH)-H. These facts imply that some
il oicher effect;.l,‘ e.g., ?1 sterioch}?mi(;alle{;fl'?f?t ?s }:Nell as an
2 electronic eflect, retiect the chemical shift of the protons.
R©SSCOCH3 RQCHZSSH The chemical shifts of protons (both SSH anI()i CH,)
S 4 of p-substituted benzyl hydrodisulfides 4 were related
TasLe 1. NMR cuemicaL sHiFtT paTA (in CCly, 7, ppm)
R 1 4 30 5
-CH,- -SH -CH,- -SSH -CH,- -CH, -CH,
MeO 6.359 8.532 6.199 7.300 6.102 7.646 7.628
Me 6.352 8.528 6.196 7.303 6.096 7.655 7.603
H 6.309 8.4875 6.156 7.289 6.066 7.662 7.578
Cl 6.332 8.463 6.193 7.277 6.114 7.635
EtOCO 6.268 8.437 6.128 7.2815 6.0445 7.648
NC 6.262 8.382 6.142 7.250 6.063 7.628
a) In CDCIl;. b) Some other acetyl phenyl disulfides were measured: for EtO, 7.628; ¢t-Bu, 7.592; Me,Si, 7.576;

F, 7.600; Br, 7.587.
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TABLE 2. ACETYL H-SUBSTITUTED BENZYL DISULFIDES,

NOTES

RCH,CH,SSCOCH,
Found (Calcd) %,
R Mp, °C  Yield, % ~

c H N S+l

3a CH,0 22 77 52.60 5.30 28.08
(52.55) (5.37) (27.96)

3b CH, 36.5—37.5 55 56.57  5.70 30.20
(56.60) (5.77) (29.66)

3d Cl 31-31.9 53 46,44  3.90 42.78
(46.16) (3.85) (42.04)

3e EtOCO  54.5—57.7 81 53.31  5.22 23.72
(53.16) (5.25) (23.55)

3f NC 86.5—88 45 53.79 4.06 6.27 28.71
(53.64) (3.92) (5.91) (29.92)

neither to ¢ nor to oy, the correlation coefficients did
not exceed 0.90. It should be noted that even the
chemical shifts of the methylene protons of the hydro-
disulfides were not represented by the Hammett equa-
tion. These complicated results remind us of the
restricted rotation of the sulfur-sulfur bond.® If it is
true that the sulfur-sulfur group in the phenyl hydro-
disulfide was almost fixed in the same plane as the
benzene ring, the CH,—S—-S-H group would be relaxed
in motion owing to its methylene carbon, and this
relaxation would bring about a deviation from a
correlation with the chemical shift.

The chemical shifts of acetyl disulfides 3 and 5 were
also measured in connection with the above compounds.
The shifts of methyl protons of 5 showed no relation
for ¢ or oz, A similar relaxation of the restricted
rotation of S-S bond can be also seen in this case.
The differences among the chemical shifts of the methyl
protons of 3a—f are small; these protons seem too
distant from the substituents for any substituent effect
to be detected. Also, the methylene protons of these
compounds were not connected to the character of
the substituents.

Experimental

Melting points are corrected. NMR spectra were recorded
on a JEOL MH-100 Spectrometer using carbon tetrachloride
or deuteriochloroform as solvent and TMS as internal lock.
Chemical shifts were determined by use of a frequency counter.
The chemical shifts reported in Table 1 were values at infinite
dilution, which were obtained by extrapolation of four con-
centrations (2.5, 5, 7.5, and 10 w/v9%).

Benzyl hydrodisulfide® and acetyl p-substituted phenyl
disulfides? were obtained by the procedures described previ-
ously.

N-(p-Substituted benzylthio)succinimides (2a, 2b, and 2d) were
prepared by the reaction® of N-chlorosuccinimides with p-
substituted e«-toluenethiols.? Two recrystallizations from
ethanol (70 °C) gave 2a, mp 139.2—140.2 °C (22%,); 2b,
mp 180.7—181.3 °C (26%); 2d, mp 188.2—189.5 °C (35%).

Found for 2a: G, 57.18; H, 5.21; N, 5.27; S, 12.119%,.
Caled for C,,H,;O;,NS; C, 57.35: H, 5.21; N, 5.57; S,
12.76%.

Found for 2b: C, 61.37; H, 5.56; N, 5.73; S, 13.19%.
Caled for C;,H,;O,NS: C, 61.25; H, 5.57; N, 5.95; S,
13.62%,.

Found for 2d: G, 51.75; H, 3.89; N, 5.30; S+-Cl, 25.57%.
Caled for C,H;O,CINS: C, 51.67; H, 3.94; N, 5.48;
S-+Cl, 26.409%,.

Acetyl p-Substituted Benzyl Disulfides. A.  Procedure for
3a—d: These compounds were obtained by a method
similar to that of thiolsulfonate synthesis from N-(p-tolylthio)-
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succinimide and p-toluenesulfinic acid.# A mixture of 2a
(7 mmol), thioacetic acid (7.35 mmol, 5% excess), and
benzene (30 ml) was stirred for 2 hr at room temperature.
The mixture was allowed to stand overnight. The white
precipitate of succinimide formed was filtered off. The
filtrate was evaporated under reduced pressure. Crude
3a was crystallized out from the solution of the residue in
petroleum ether by cooling (—18°C, then 2°C). Im-
mediate pumping out of the solvent after recrystallization
from petroleum ether (2 °C) produced 779, yield of 3a with
mp 22 °C. Disulfides 3b and 3d were prepared similarly.
Disulfide 3¢ obtained by Procedure A showed mp 54.5—
56 °C (¢f. by Procedure B, mp 54—355 °C). The analytical
data is summarized in Table 2.

B. Procedure for 3e and 3f: To a solution of p-ethoxy-
carbonyl-a-toluenethiol (10 mmol) in ether (20 ml) was added
a solution of acetylsulfenyl chloride (10 mmol) in carbon
tetrachloride with stirring and cooling (—2 °C to —5 °C)
for 10 min. After 1hr, the solution was evaporated in
vacuo. To the residue 3 ml of petroleum ether was added,
and then the treatment described in A was followed.
Disulfide 3e was obtained in a good yield. Disulfide 3f was
prepared similarly; its analytical data as well as those for
3e are listed in Table 2.

p-Substituted Benzyl Hydrodisulfides. A  mixture of
acetyl p-substituted benzyl disulfide (3a, 3b, 3d, 3e, or 3f,
0.5g) and 0.83 M ethanolic hydrogen chloride (6 ml) was
stirred at 26—28 °C under a nitrogen atmosphere. After
several hours (4 hr for 3a, 3b, and 3d, 5 hr for 3e, and 7 hr
for 3f), the resulting solution was evaporated under reduced
pressure. The oil obtained was distilled under vacuum.
On distillation, p-methoxybenzyl hydrodisulfide 4a was
unstable and its major portion decomposed. p-Cyano-
benzyl hydrodisulfide 4f was quite unstable and decomposed
immediately after its formation, unless it was dissolved in
solvents such as carbon tetrachloride and chloroform.

Such being the case, the NMR spectrum of 4f was meas-
ured using a carbon tetrachloride solution of a neat sample
without distillation. It was confirmed with all the other
hydrodisulfides mentioned here that the differences between
the chemical shifts of a sample obtained from distilled hy-
drodisulfide and those without distillation were within 0.5 Hz
(av. 0.2 Hz).

The yields and boiling points of the hydrodisulfides were
as follows: 4a 2.59%, ca. 90 °C, decomp/0.01 mmHg; 4b,
389%, 91—96 °C/0.02 mmHg; 4d, 549%,, 90—95°C/0.01
mmHg; 4e, 18%, 117—120 °C/0.01 mmHg.
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